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masm 1 ] 'pts.<t fe-woasMraafcaaE 
y u >iM. 

l«*jiSl/t;^«*««a/t;^«i:»i / Ti < ft* J: 

■5»c Lfcr t*!tta«fc-r^ii*a i EfcofflBaesjk 

[if *:>B 3 ] SMLJJEAft^K^^^ftOWA^ 
K&jrr* d £: (C<fc 0 #&©— ffifcrtSBE G R 13 X t L 

*B 2 e«©&*§ g s^^;^ y u >tsw<, 

[»#*4] IffiEJBEtfi a S^Fik^K® JSctd* 1 1 5 f!5 ft 

e**5t#y u >mm. 

iJtt* <fc -5 \zmmrz> ztz&mt-rzm&m s e«© 
s c t tr *»*9i 3 fc^Lm&m s ©wrna* 

fr£fc5l6RlSBitt©IH18|J£*U Kn3S&©#SUWS88B 
■ClMrEn«KK:Srr<5*¥Hi*«. Jt5Ej£i!fr*5<k^3 0° 
■COMh>«MI:*HT. MEi-'J 

c t*i*«t-r-B» #s i an lmoi 7 ©nr*ia> i 
3S{cE«©ffiffieESj*csc^fy u >nga. 

[If *B 9 ] ffllSftftiftl**.): DffilBfTS+KWW;* 

mmzmwTz z. t^ett-rsit am 8 ke^weess 



m#m io] -> «j >y^\ -y pommmm* &\zm i 

T*gl 2 O&'X-f? tf\ZttM%:fttz v£olZLfcZ\L£& 

wtt-tzm&m i fc^LfS3fcB9©i»m^ i wee* 
©ffifiige»i*cic^y i) >mw. 
imtivs. in ->u >y^v K©««a«+*fc Ask 

»SW*-h©T:*E:K«U K*#t#J;D*»anfc* 
*Hc J: 0 £Jiffl£«6»#Ufc©^jfcf6jiWclcJ; 9 mx 

LX&temmM-fz>j&mmmmfcmi£t, &&wxmm 

EESSff §^*-e©«»^f» SrB5Efi£^^^afe««-r © 
M*«12] WE § B**ttftZ£ft<Z>EEttfTaft 

mfflmx<Dmftftm^&x&w&-?v>mmz%i v 

\Ztt.M%&9 >7)lfflfflmz J; D ±M©K§tii»*B3 CT 

nmmmz\mn±T<o&§s.mf6 i S:mzm< ct^a 

[^W©l¥iffi7ilK^] 

[0 0 0 1] 

[^^©)s-r^s«5i-s] ^< tt>-«© 

[0 0 0 2] 

mzit*T&mit&v->i3LVtm-v<b£izLtzmm : &n 
r*^t*&, ta^ifoNoxs^Bciats^ 

[0 0 0 3] «^^®«T«, ®S©iA: 
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<h, (Sine. te*ft^©«*HM**|S]±RtfNOx© 
[0 0 0 4] 'J >ffl<t^ftSetAttOteV«^ 

*J£4#IM¥l 0-2 6 6 8 7 81MaiK«4ftTV>«J: 
[0 0 0 5] 

B UfertSBE GR#X * «t 5 lefts fc 

s|s<o»fl:*«kt«taHC*»*liiT*tv»'5BIIHj«3&»*-3 
fc. 

[0 0 0 6] MIEMSM^SS'PCDTMBMSff «. 
Xia«**ffiV^S*^«S!|Sfj8ft**<B;t»ei«JB-r*«[6lS:«F 
' oTUifc*, «#Ml(fli*<!!>ffil8SB*5kj««eif«*»c 

[0 0 0 7] #3B93«74>a»5raiSj&K«*fc*>©T. -t 
05g«H, *K^rt»C*ttSfl5ffl©EGR^X*3.t^ 

3 > n d— ;u l> ^^AVP^jfi^^^rtia 

[0 0 0 8] 

2* jjt« i fB*£©fgaj§«. 'p-ts- < t ^—mo&ifcmiiSirzm 

£»£JE»BE*jk*«Sli-Sffil8BE**5fc#y 'J > 
[0 0 0 9] ±IBBW^^PS;-r^fcJe)if*«2IB«£©^ 

ht, «i*jicia«5«8»*«tfrs*»i!int**fliA, m 

EE* S E»5»ca(EfiH*TO « ft K * W * *R» •« 
«/W^«*«!R«/'«;P^liK»LT»< ft* J: 5 tC Lfc 

[0 0 10] ±EBW*JSrit"r*fc»BI**3BB«t©3fi 

na, i 2 i3«offi«iE»5»csc^f 

#«A;u^jft9«eKBB Ufc v-f ^x*- /x- 5 y y© a*;u 
y*-f 3 >yKM»«>rilB&»#ttMI£«*., jessse* 

!kmm/vmrzn)v7t>'< * >if swe^r a*— 



[0 0 11] ±fSaM£»fiEr^fc«6If*^4iB«cC0f6 
Wtt. »3^3E*©ffi»BE»*5ttfy 'J >ai5ic*5 

[0 0 12] ±fSSM£g]5£T-5fca6W*«5K«W>fB 
»3^4IB*©£E«eE»*iWfy 'J >«B3tC*3 

ffittSE»5WII8«HI[*Trtt«ra*«Sift 
a[rt©!RjS/X;py«fc«-*S-a-, HaiBrtBBEGRtfX* 

[0 0 13] ±«2B*jS*Jrt-*fc*»jfcJH6ie*©5B 

w\z, mf&h 5 «E«©ffl»gE**55#y u >mM\z& 

^^^«feie®«-ctt*aE^>y;w8K^fc!x h>s 
ffi*#st«a» & "RfltW'sflsnsiB^ >y>SK t & « <t 5 

[0 0 14] ±IElW*ajsJfr*fc*»*B7E«t©5B 

wa, is^js 3 7S:Vi unrest 5 ©v>-rn^ i 3gfBm©m 

a* — 3 v -/mm «f k«*m>-« tim# l . jBWff 
tea d * c t sr^g tts. 

[0 0 15] ±KSf$£g)£T3fc<6it*:^8fE*£©fg 

m&s i & v> uw 7 «Dv»-rruB» 1 «tcia«<D 
ffi»SE»*5S#y u >«Hte*tiT, trx h>g®tc 

-h5E^ttr*3<k^ 3 0 " 7?©fc!X h>^«»w*ViT, 
HUBS' U Kt#SfX;^©^JtiDrtfljT?SSS 

[0 0 16] ±BBBW*ai«-r«te*»*B9IB*©« 
Wtt, »#»8 KKtt©JEttBE**SWfy 'J >^MfC 

[0017] ±Egw$:M^-r^fcje)is*^i oi2m© 

v"J H©#a/X;W^H»«C>J: D*iMCB2 OA* 

r^^^SBb, ^<tt>«HBffiBeE*i*c3«Efll«»c 

[0018] ±reBWsaj«-rafc»&i**5Hi ub«© 
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mmmt^mmm^mt. ttrnxmummmm 
x.>i;>\B}&.mz&tfz>& ^mxwMmfcm<DjEm'tfm 

[0019] ±mg&&mffc-rz>fcit>m&mi 2ib«© 
sewa. m&mi iizumojz&s-zmxjzxvvym 
nic*fr»T. mm^mxmmmmmois^nm^x 

fflW»S2. 3fg£&5£5JCt8:^L;'cC:<h£gl'<i:T 

[0 0 2 0] ±BS»S»tt5fcft|»*fil 3f3*£> 
fC J; 0 $j 0 1ft 7L S JBJ8 6 EM*3i& V U >MM fc * V» 

IB* >7)lM'fflmz ct 0 ±flJco©Milg§£B§ DT«M 

mzM9>-?)vm*»k czi*. xiz&.x<D)$,mMffim\z 
-£><, 

[0 0 2 1 ] 

at«i* »stff mxitmmmum < *«$h c 

Ets.\,m%>V\>~7mv>137.ifl9c\zm\hZtl. 
Ml l Zft&LWiftmmHC<DX¥$:&tbZ>j3X&&E.EG 

[0 0 2 2] li*^2IB«6©|iH > g(rj;n«. tSfrtfdistt 
& S ct 5 \Z Lfcfc £ 0j£ttMtt£&3!T£ 

7tfj£Ttt«^^W*£PfiET -5 d t \Z£ 0 St^A*^:/ 

[0 0 2 3] lt*«3fS«(D^K(c<i;nH. #»±JEA 

ttm-eiRm./vi7&zfm&.w7&mzm crz-^-i ±x 



tzeb^<b\zmth^tim<rj.r). Sg^ttfel:*^ 

2 KIE«oa*«r «fc 0 iS5J6-5 C t#*T^5„ 
[0 0 2 4] §»*^4fB®Wfg^{C«tn«, fgJrtW^fX 

5<fc 5 K l/Tt»4fc», SAM* £ <Z>jKttHtt«$@S-? 

ztz&#§i/vv7&m<D&mMm<i&mis. mum i a> 

e> 3 KfB*£©^m£±9ii5J6-5C<i:#Ti*&. 
[0 0 2 5] W3ji*5IEtt©WPIK:.fcfttt. *!*tt^ft© 

[0026] mime>tm.<Dmm\z£.rL\%. mma^m. 
wsM&^mt- m$&n\z±fo^&?>7)vffi.$:%mvi 

iZffiftlzik&L-tz,? >7)im±\f.7. h >Sffi*K5tflJ*> 
^,#J^eftn-5J(i^ >:7Ml>??St -5 lZfflffl-?Z 3 

[0 0 2 7] If^7fB«©MK(C«tn^ WIB-^'f^ 

mm * o Ji?&ftifi« ft *3 v iTfttriB^ias e g r * «c^#-r 

* » * t i KiSIX b lrlBj|IB»*««5J- 

m«« 3*^5 <D$b%kizmnT. mmmgtm-v<D*imm 

[0 0 2 8] _»Ji»B8KiW>3WiK:J:fttt. fXh>l 
SAt, ±5E^M*5<t-€- 3 0 ° cr>¥Xh>®.m\Z*m-C. 

KMcDffTfeiSfi^stA'^yjfi^tsiM^n 

[0 0 2 9] If^OfBttcD^^^intf. «B»i«At# 
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[0030] mimi otzmomwiz&niz. mm&n 

[0 0 3 1] l*5«fctfl 2iai!c©fg«8IC<fc*l 

[0032] m^mi 3c«©5s*»cj:ntt. 

xft&x<ofcmmm\z\mm?>7 
««si«K*«iiio»*sasj&fc«i*jiaflE»*t, 

[0 0 3 3] 

mwrnrnz-D^-cftLw**. sin *5m\z&z>jsm 

[0 0 3 4] ~>U>^y H3tC«, ©^C#— h5<he: 

[0035] »a/^^6 tVMuwzfata.. tn^n 

D-JW3.-y h2 2^e>©^CJ;DMSBtWBJ^© 
11,1 2^LT®^^6 > #»/t;i^^8©RIBH 

[0 0 3 6] K^ttf- h 5 ©±«EK: tt»«* 1 3 tf&tft 
StlT^D, KMf 1 3k:»4T*««lffii6<K:5'>^U 

ffl7.D^/ h;uA*;u^i 5 tm^vt^^mm^mcox. 

[0 0 3 7] £<B>lC3i»#-h 5«F*jg|ncte. ftft/W 



TtC#iU-r£{t«l9«l 8 a*»Klt6nT^*. n*c 
3icte!&^-h5<b©&^®fr^>:/;ufH 

[0 0 3 8] >:/;uftfflA*;u:/ HWn-vh ;i>a*;|/ 
iz£<omm^®i 6, i 7*^UT/t;i'^iBBinw*Ritt 

[0 0 3 9] — U >ys\y F 3 h 5 

«8»*ltSMK«*4rtR:i|Hrt-**»ii«*# 1 9 

[0 0 4 0] *fc->'J >y;\y F 3(=aMS«S4 AOK 
4>^Ktr^y7^2 0#l9:tt<=>tiT*;D, 
i/2 0«3Etv^[eie, iBft«fWF»ca#©^^5k«B«ll* 

[0 0 4 1] X.>iy>a>ha—)l=L- y h 2 2 fcH, 

mA*ji/^6, mm.w78<D/vi>-7?'fs.>if. 
)vmmn)V~7i 4. xcy f^avi^i 5©&a;w^m 
mum. Mft<&tofri 9 (Dmmmtmmmm. is<kzt&. 
x-^^if2 0 <D&xmm&mw\zmwi'T^2>. 

[0 0 4 2] 0211 fcfX h>2©lIMS:S-r?ffi 
laRtffl'JffiETr&a. 0 2t^-r«fc-5l::> fcfxh>2© 

Wr^W§Rl§iffit»t©[H]gB2 4*f8:W~C*S. tLT, fc! 
Xb>2 ©HSB 2 4 0#««©*H«TrttlBn«H»C»-r 
5t¥ffi2 5^ ±5E^M*3J;^3 0° h>& 

[0 0 4 3] ZKDtctb. IHlfiB2 4JCJ;0©^fTe-e^ 

ff g«¥-c«5**is*f# 1 9 «t o*»* snfc«8»5&«ia« 2 

[0 0 4 4] 09© (a) , (b) B©«A';^6, 

«A'^y8 ©A*;uy^-r = >^©pi^$ijffli©— ^j^r^u 

T*!0> i^ctE^iie^flCtt®S©A-^-/^-1' = >^t? 
*S (a) ©ttSltL. m&.±7e&tii8:lZ&^xmn.rt 

^--a*- 7 -y y^»a*^^-r S «fc 3 (CIS^ $ns. 
[0045] mfcttmxmm\zwvv7-5>'i =. >t/ 

& (b) ©ttltb. -r^:t>%^A*;W-r8©gflB#^ 

n ^ nv-r ^-x /x- => v z/vimzts; a <t 5 
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[0 0 463 C© J: -5 H#J5,±5Ej*#ifiTr»*ft*)8«* 
X#*M 9 )V^^ E G R XT, £ UTfif^Mt d t*« pJ 

[0047] *nis^©i!(f^tco^TiKBj-r 
i4<Dmmw.mt. mm,4n\zw^r^,^y^)vm 

[0 0 4 8] JEfiS&5#^ae^FlCtt. 03 (a) iZyH 

|£5 a©iISS#B§<h;&D. IHTg5 

fTM^tK^/N*^^ 6 ©*1.ffiiJ£jIoT«£^4 F*3tC»St 
AU j^^4F*q{C«il^jS»^>y;U8S2 7d^^T 
So ^•WfcJ6^^4F , g-C ! «^^fcfr«^©^iM*5 s to: 

ex h>2©±®tcitc^b, mi?, mmw-t-)-*. 

A- 7 y Zf IZ& 0 B? C <E> HT UfcftgS E G R U 

*tetti$mzm§%.n)\,-?7 (Dtfmzttisis. ^nox?. 
[0 0 4 9] -is. i&®mT'<D!kit£.>xmi&#f-v\z. 0 

3 (b) iZ^T^oiZ, ®m#-N5©T&5 b©®g& 
^gfli^O, l^±l£5 a©ili®7WW<fc&3:R®H;;^>:7- 

;i/f6W; 1 4swt5. cmz<tDj^^4rt{c 
k^ns^ 2 8 u mmmmfri 9*>s 
o^'Stt^'r s >^©^ff mm¥v>m-&\z\$m-tz 
M&%£.tfi&mfz>i:£hiz. mm?-is.>>?tfi£m'iT 
a*£¥ t & s «t -5 tr iMtsxfltti t.m*>-f)vm 

[0 0 5 0] iSSEIfe, S5ft^fTOjk?E^i^cae^ft?tt. 
03 (c) C^-r«k5fC fyfjmffl/VU-fl 4te{± 

[0 0 5 1] JfcK, 04£ffl^T#*i&^ffi©j!IK**#*|j 
«18*KWr*. 04 (a) tt, £Ettff8Mr*fc*W* 
^£ft©i8rla£EGR;tf;*©#-^£jf:U 04 (b) 
»±» EE«ffa«#©«S»«ft»©«H t *«lx. 04 (c) 

[0 0 5 2] 04 (b) {C^TJ;-5tC. ffiBgge*Aii 



[0 0 5 3] fc!X b- >e®C0Wte[H^ 2 4 ©$^,#J3!8SK 
TffiEPJ«Bl::«-r*SE¥B2 5*t, ±JEj*liM3J;-*3 
0° t?©bTX hX&g|-:fc^T, x'J>yAyK3ii 
8 e*M 2 6 ± D rt®JT?5SM-rsa; 5 fc^^S 

[0 0 5 4] S fcUTtt. EBB-LJE 

H3©*R«i^4(*g{iBStyS©[*3, fco £<b&M£te. 
[0 0 5 5] £ ©ifem. 0 6 \Z7jk-t <fc 5 CttftftMBfiE 

©Uy^Hfc, *«fctfiSi&©«K&^gfi©$jfrM6fl»--5 

[0 0 5 6] ^fC, 0 5^#^bTSe,»A^^©« 

[0 0 5 7] *8Jte64l*JCDS^«f4#»/X^yififf3&tiJ 
y^#OS5ia-?&*fc*, SI0©»A14. 0 5 (a) C 

^-t<t o \zm%A)vy 8 cci-e^ufc 

#7;rt«3IT3;i£:T% -?-©«H©*jS8ttil©}l-&»« 

Mf40 5 (b) J: 3 fc«3fc»*. iRJSUTff 

<. 

[0 0 5 8] *R«fc»7l*»Ctt. 05 (c) tC^-Tefc^ 
tC, lfXh>lI, &&Zfm%./V\s7tffflZ<D?>.m'X\Z 

[0 0 5 9] £Ui©*S*, 08lr^-r«k^t, 
h 7 8 PB«FCf!^-r-5*«R*8^ 

(HC) »S©^l©t!-^tt, »^A;l/^8#jfi©*8 

ft«fTa^Tt9tc^-r«^2©fcf-^» -r^fc^Ka 

tiiSnsttfC, »fiA*;V^8d<BBi*:-5fcJ6, (^ISPEG 

[0060] ±ta^m«ctti^, ffi(i2^-i - ^-x^'-A*-7 

T©JEE*S(CJ:0, rtaBEGR^X^f^ffi-r^K^^ffl. 

«t«, *Att©«i«*5ctD:ffl^s<)tr u - >m&%.-z<D 
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[0 0 6 1] fcfc, g5*^dR«H««(C«(t«EEtS7Ta 
«*K*W**J*«f»!t#»3R- h 7T§f-fiiJ$n*>HC 
»HJ*t©g|«<D— 0!l£0 1 1 fcjRT. SS^JRfilfiB 

[0 0 6 2] fflEMttrnfflMfitt. ra-©X>i?>|5I 
"SWIfWiOfef^Ci^S. £*l«lWa3/j£JB*K«i 

mm l w-n«& sr. ftv>i»wt»r«&»T*4. 
[0 0 6 3] ssk, E»set««^©nis^^ 

-c<Dymv>®2®£.n.z>mmiitzz>. cna, masse 
ct^TO«sf# 1 9 &#%/vu78 ^(ommitmrn 

[0 0 6 4] #Cf;:01 0 (cSt?ViT*^BJ©m 2 5ft6£© 

UTV»-5. Sg2,&*:/^:7*2 1 tex>>>>3> ho-;U 
n.xy h 2 2fc±Oj*i*c«fW38«l6«l*nT*D. ^KEE 

[0 0 6 5] m2mffiMm-vizmi^ffiMm<D%>mzm 

«iflE*««»89l:it>«^Ttt, Sg2 M,'K7^if 2 1 t- 
«k*4Srm*£E«±?E^ffir4 0° MTilL, S^A'JU 

[0 0 6 6] ffiftffittTt;mii&j!IBtt«l9&-*-<5 



[0ffi©flH¥^SiW] 

[HI] *f^K&3ffii3gge«*:£#VU>aiig©S6 
[0 2] mMMmiz&li2>¥x h>SM»«**UfcBI 
[0 3] ^JSPfficD^te^E— FK£tf5^>:/;H6!HS) 

[04] ^«ttC£t?«jEI8ffS®iS&$Mra&i%L 
[0 5] £J6&aMc;&?SB«ff&®fiMKlB&*L 

[06] mm&toiS7.<ammftm£*immnft!k<D&.u 

[0 7 ] &mmt&\Z&ilZ>*>7)l,MWJV],7<D%}m$ : 
[08] **WfcJ:**j|(R«»««03»**«UfcHT 

[09] *5fiwt:*»t«K, ta^/N'^y^-r 5 >^©ig 

[010] *%H®g2£ito*lR®£ffi&;*-9-Bg-?« 

[011] *SMHfc;m*S*ITOJW£S|5»HC*tti*© 
W#£^cLfcBT;fc£>„ 
[f^©&9§] 



1 




2 


tfXh> 


3 




4 




5 




6 




7 


h 


8 




9 




1 0 




1 1 




1 2 




1 3 




1 4 




1 5 




1 6 




1 7 




1 8 




1 9 




2 0 




2 1 




2 2 




2 3 




2 4 
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2 5 Gausses 



2 6 m§S.W7fM% 



can 



[0 2] 



x>?vn«K 

ass?* 

mum 



24 H* 



22 




&— is Visit's? H 
7 

9 -MA A 




-fcJ&S1J30' 



19- 

15- via y Mr/W? 
20- ^y^jy 




[06] 



CHI 1] 
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(10) 



^2 00 1 -2 6 3 0 6 7 



[H5] 



[09] 



(a)** 



(c)*»*6»ft 




(a) 




(ft«eH3»^«W»> TDC 



[010] 



-22 




(51) Int. CI. 7 

F 0 2 B 23/10 

31/00 



3 0 1 



F I 

F 0 2 B 23/10 
31/00 



T-7H-K (##) 
Z 3G3 0 1 
M 

3 0 1 B 
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F 0 2 D 9/02 
13/02 



3 6 1 



F 0 2 D 9/02 
13/02 



3 0 1 C 
3 0 1 F 
3 6 1H 



D 
J 
K 



41/02 



3 5 1 

3 7 0 

3 8 0 

3 8 5 

3 0 1 



41/02 



3 5 1 
3 7 0 
3 8 0 F 
3 8 5 
3 0 1 G 
301 J 
3 0 1 U 
3 0 1 Z 
3 0 1 A 



43/00 



43/00 
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(54) COMPRESSED SELF-IGNITION TYPE GASOLINE ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a compressed self-ignition type 
gasoline engine wherein the discharge of unburnt fuel is reduce din the 
case of compressed self-ignition and combustion and its fuel efficiency is 
improved. 

SOLUTION: A tumble control valve 14 is disposed at the front eng part of 
a partition plate 18 partitioning the inside of an intake port 5 into upper 
and lower parts. In the case of compressed ignition and combustion, an 
upper intake passage is closed by the valve 14 for the purpose of causing 
reverse tumble flow within combustion chamber and densely distributing 
the fuel injected from a fuel injection valve 19 on the exhaust side of the 
inside of a cylinder, and open/close timing-variable means 16, 17 are 
controlled in order to get the timing of intake/exhaust valves 6, 8 into a 
minus-overlapped condition and internal ERG(exhaust gas recirculation) 
gas is distributed on the exhaust side of the inside of the cylinder for the 
temperature on the exhaust side of the inside of the cylinder to be higher 
than that on the intake side thereof in temperature distribution. 
Accordingly, compressed ignition is caused on the exhaust side and the 
exhaust valve 8 is closed in the process of an exhaust stroke. 
Consequently, the unburnt fuel on the intake side is carried over with the 
EGR gas to the next cycle. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The compressed self-ignition formula gasoline engine characterized by having set to the compressed self- 
ignition formula gasoline engine which carries out compressed self-ignition combustion of the gaseous mixture by a 
part of [ at least ] operating range, and making the combustion starting position in the cylinder at the time of the 
aforementioned compressed self-ignition combustion into an exhaust side. 

[Claim 2] The compressed self-ignition formula gasoline engine according to claim 1 characterized by having in a 
cylinder the fuel injection valve which injects direct fuel, and making the fuel concentration in the cylinder in the 
aforementioned compressed self-ignition operating range an exhaust air bulb side become deep to an inhalation-of-air 
bulb side. 

[Claim 3] The compressed self-ignition formula gasoline engine according to claim 1 or 2 characterized by having a 
valve gear controllable to the valve timing of the minus overlap which both the inhalation-of-air bulb and the exhaust 
air bulb closed near an exhaust air top dead center, and making it remain in a cylinder by making a part of exhaust air 
into internal-EGR gas by setting valve timing as the aforementioned minus overlap by the compressed self-ignition 
operating range. 

[Claim 4] The compressed self-ignition formula gasoline engine according to claim 3 characterized by making the gas 
temperature in the cylinder in the aforementioned compressed self-ignition operating range an exhaust air bulb side 
become high to an inhalation-of-air bulb side. 

[Claim 5] The compressed self-ignition formula gasoline engine according to claim 4 characterized by having equipped 
the inhalation-of-air system with the gas flow control means which control a gas flow of a combustion chamber, having 
distributed new mind over the inhalation-of-air bulb side of a combustion chamber in the compressed self-ignition 
combustion zone, and distributing the aforementioned internal-EGR gas over an exhaust side in layers. 
[Claim 6] The tumble flow which the aforementioned gas flow control means are the tumble control means which can 
control the tumble flow generated to a combustion chamber, and is generated in a cylinder in a compressed self- 
ignition operating range is a compressed self-ignition formula gasoline engine according to claim 5 which makes a 
piston crestal plane the reverse tumble flow which flows from an inspired air flow path to an exhaust side, and is 
characterized by controlling by the jump-spark-ignition combustion operating range so that the aforementioned tumble 
flow turns into an order tumble flow which flows a piston crestal plane from an exhaust side to an inspired air flow 
path. 

[Claim 7] The compressed self-ignition formula gasoline engine of the claim 3 characterized by injecting some fuel 
during the aforementioned minus overlap, and injecting the remaining fuel in the second half of a compression stroke, 
or a claim 5 given in any 1 term. 

[Claim 8] A compressed self-ignition formula gasoline engine given in any 1 term of the claim 1 to which the 
tangential plane which has the approximate circle cylindrical-surface-like crevice where a medial axis becomes parallel 
to a crankshaft in a piston crestal plane, and touches the aforementioned cylinder side at the exhaust side edge of this 
crevice is characterized by being formed so that it may cross inside the outer edge of the aforementioned cylinder head 
and an exhaust air bulb in the piston position in about 30 degrees in front of a top dead center, or a claim 7. 
[Claim 9] The compressed self-ignition formula gasoline engine according to claim 8 characterized by controlling fuel 
injection timing so that the fuel injected in the compression stroke from the aforementioned fuel injection valve is 
unevenly distributed near the center of an exhaust air bulb. 

[Claim 10] A compressed self-ignition formula gasoline engine given in any 1 term of the claim 1 which has the 1st 
ignition plug in the center of combustion chamber abbreviation of the cylinder head, and arranges the 2nd ignition plug 
outside the exhaust air bulb center of the aforementioned cylinder head, and is characterized by discharging to the 2nd 
ignition plug near a compression top dead center in the aforementioned compressed self-ignition operating range at 
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least, or a claim 9. 

[Claim 1 1] the fuel which has arranged the injection valve which has an ignition plug in the center of combustion 
chamber abbreviation of the cylinder head, and injects direct fuel in a cylinder under the suction port, and was injected 
from this injection valve -- stratification - the stratification combustion operating range which lights by jump spark 
ignition and carries out flame propagation combustion after forming a gaseous mixture Self-ignition combustion 
operating range. It is the compressed self-ignition formula gasoline engine equipped with the above, and is 
characterized by injecting fuel injection timing in the compression stroke second half at the time of self-ignition 
combustion operation in the same engine speed earlier than fuel injection timing in the aforementioned stratification 
combustion operating range. 

[Claim 12] The compressed self-ignition formula gasoline engine according to claim 1 1 characterized by setting up so 
that the interval to fuel injection timing and the compression top dead center in the second half of a compression stroke 
at the time of the aforementioned self-ignition combustion operation may become 2.3 times from 1 .7 times to the 
interval from fuel injection timing in the aforementioned stratification combustion operating range to ignition timing. 
[Claim 1 3] The compressed self-ignition formula gasoline engine which have the following, and close an upper 
inhalation-of-air path by the aforementioned tumble control valve at the time of compression-ignition combustion, 
make a combustion chamber produce a reverse tumble flow, close a lower inhalation-of-air path by the aforementioned 
tumble control valve at the time of stratification combustion of jump spark ignition, and a combustion chamber is made 
to produce an order tumble flow, and is characterized by to open both the inhalation-of-air paths of the aforementioned 
upper and lower sides at the time of homogeneous combustion of jump spark ignition and which switches compressed 
self-ignition combustion and jump-spark-ignition combustion by the service condition. The diaphragm with which the 
interior of a suction port is divided into an up-and-down inhalation-of-air path. The tumble control valve which can 
close either of the inhalation-of-air paths of the aforementioned upper and lower sides. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the compressed self-ignition formula gasoline 
engine to which self-ignition of the gaseous mixture is compressed and carried out in a part of [ at least ] operating 
range. 
[0002] 

[Description of the Prior Art] Since combustion is started by the multipoint of a combustion chamber, compressed self- 
ignition combustion has the quick rate of combustion, and combustion by which the air-fuel ratio was stabilized also in 
the RIN state compared with the usual jump-spark-ignition combustion can be realized. For this reason, improvement 
in specific fuel consumption is possible, and since RIN hatchet combustion temperature falls, an air- fuel ratio can also 
reduce NOx in exhaust gas sharply. 

[0003] Moreover, in high rotation and a heavy load field, reservation of high rotation and the high power performance 
at the time of a heavy load and coexistence of low rotation, the improvement in specific fuel consumption at the time 
of a low Naka load, and improvement in an environmental performance called reduction of NOx can be aimed at by 
making the usual jump-spark-ignition combustion perform, and changing a combustion gestalt from the 
aforementioned jump-spark-ignition combustion to compressed self-ignition combustion in low rotation and a low 
Naka load field. 

[0004] When making compressed self-ignition combustion perform using the low fuel of self-ignition nature like a 
gasoline, it is effective to use the heat energy which residual gas has. It realizes by this preparing the minus overlap 
period (sealing period) when both an exhaust air bulb and an inhalation-of-air bulb serve as close in case an exhaust air 
line shifts to a shell intake stroke as shown in JP,10-266878,A, and making the so-called internal EGR which produces 
residual gas positively perform. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the fuel distributed over the low-temperature layer near the 
combustion chamber wall surface was discharged as unburnt fuel, without resulting in compressed self-ignition in 
order to mix to the internal-EGR gas and the homogeneity to which the fuel injected by the suction port was introduced 
into the combustion chamber in the state where of it mixed with new mind, and remained to the combustion chamber, 
if it is in the aforementioned conventional composition, there was a trouble that aggravation and exhaust air HC of fuel 
efficiency increased. 

[0006] the unburnt fuel in the aforementioned combustion chamber wall surface — a gaseous mixture ~ since it has the 
inclination for gas temperature to increase a low and for fuel concentration to increase a low, the compressed self- 
ignition combustion at the time of a low load occurs more notably 

[0007] It is what took the example by this trouble, the purpose controls the hot EGR gas and the fuel distribution in a 
combustion chamber, and it is high in the combustion-chamber temperature near the exhaust air bulb, and is making 
fuel concentration deep, and this invention is offering the compressed self-ignition formula gasoline engine which 
raised mpg while it reduces eccrisis of the unburnt fuel at the time of compressed self-ignition combustion. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention according to claim 1 makes 
it a summary to have set to the compressed self-ignition formula gasoline engine which carries out compressed self- 
ignition combustion of the gaseous mixture by a part of [ at least ] operating range, and to have made the combustion 
starting position in the cylinder at the time of the aforementioned compressed self-ignition combustion into the exhaust 
side. 

[0009] In order to attain the above-mentioned purpose, in a compressed self-ignition formula gasoline engine 
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according to claim 1, invention according to claim 2 is equipped with the fuel injection valve which injects direct fuel 
in a cylinder, and makes it a summary to have made the fizel concentration in the cylinder in the aforementioned 
compressed self-ignition operating range an exhaust air bulb side become deep to an inhalation-of-air bulb side. 
[0010] In order to attain the above-mentioned purpose, both invention according to claim 3 makes it a summary to 
have a valve gear controllable to the valve timing of the minus overlap which the inhalation-of-air bulb and the exhaust 
air bulb closed near the exhaust air top dead center, and to make it remain in a cylinder by making a part of exhaust air 
into internal-EGR gas by setting valve timing as the aforementioned minus overlap by the compressed self-ignition 
operating range in a compressed self-ignition formula gasoline engine according to claim 1 or 2. 
[001 1] In order to attain the above-mentioned purpose, invention according to claim 4 makes it a summary to have 
made the gas temperature in the cylinder in the aforementioned compressed self-ignition operating range an exhaust air 
bulb side become high to an inhalation-of-air bulb side in a compressed self-ignition formula gasoline engine 
according to claim 3. 

[0012] In order to attain the above-mentioned purpose, invention according to claim 5 makes it a summary to have 
equipped the inhalation-of-air system with the gas flow control means which control a gas flow of a combustion 
chamber, to have distributed new mind over the inhalation-of-air bulb side of a combustion chamber in the compressed 
self-ignition combustion zone, and to have distributed the aforementioned internal-EGR gas over the exhaust side in 
layers in a compressed self-ignition formula gasoline engine according to claim 4. 

[0013] In order to attain the above-mentioned purpose, invention according to claim 6 is the tumble control means by 
which the aforementioned gas flow control means can control the tumble flow generated to a combustion chamber in a 
compressed self-ignition formula gasoline engine according to claim 5, and in a compressed self-ignition operating 
range, the tumble flow generated in a cylinder makes a piston crestal plane the reverse tumble flow which flows from 
an inspired air flow path to an exhaust side, and let it be a summary to control by the jump-spark-ignition combustion 
operating range so that the aforementioned tumble flow turns into an order tumble flow which flows a piston crestal 
plane from an exhaust side to an inspired air flow path. 

[0014] In order to attain the above-mentioned purpose, invention according to claim 7 makes it a summary to inject 
some fuel during the aforementioned minus overlap, and to inject the remaining fuel in the second half of a 
compression stroke in the compressed self-ignition formula gasoline engine of a claim 3 or a claim 5 given in any 1 
term. 

[0015] In order to attain the above-mentioned purpose invention according to claim 8 In a compressed self-ignition 
formula gasoline engine given in any 1 term of a claim 1 or a claim 7 Have the approximate circle cylindrical-surface- 
like crevice where a medial axis becomes parallel to a crankshaft in a piston crestal plane, and the tangential plane 
which touches the aforementioned cylinder side at the exhaust side edge of this crevice sets in piston position of about 
30 degrees in front of a top dead center. Let it be a summary to be formed so that it may cross inside the outer edge of 
the aforementioned cylinder head and an exhaust air bulb. 

[0016] In order to attain the above-mentioned purpose, invention according to claim 9 makes it a summary to control 
fuel injection timing so that the fuel injected in the compression stroke from the aforementioned fuel injection valve is 
unevenly distributed near the center of an exhaust air bulb in a compressed self-ignition formula gasoline engine 
according to claim 8. 

[0017] In order to attain the above-mentioned purpose, in a compressed self-ignition formula gasoline engine given in 
any 1 term of a claim 1 or a claim 9, invention according to claim 10 has the 1st ignition plug in the center of 
combustion chamber abbreviation of the cylinder head, and arranges the 2nd ignition plug outside the exhaust air bulb 
center of the aforementioned cylinder head, and makes it a summary to have been made to discharge to the 2nd ignition 
plug near the compression top dead center in the aforementioned compressed self-ignition operating range at least. 
[0018] In order to attain the above-mentioned purpose invention according to claim 1 1 The injection valve which has 
an ignition plug in the center of combustion chamber abbreviation of the cylinder head, and injects direct fuel in a 
cylinder is arranged under the suction port. In the compressed self-ignition formula gasoline engine which has the 
stratification combustion operating range which lights by jump spark ignition and carries out flame propagation 
combustion after forming a gaseous mixture, and a self-ignition combustion operating range the fuel injected from this 
injection valve - stratification - Let it be a summary to inject fuel injection timing in the compression stroke second 
half at the time of self-ignition combustion operation in the same engine speed earlier than fuel injection timing in the 
aforementioned stratification combustion operating range. 

[0019] In order to attain the above-mentioned purpose, invention according to claim 12 makes it a summary to have set 
up so that the interval to fuel injection timing and the compression top dead center in the second half of a compression 
stroke at the time of the aforementioned self-ignition combustion operation might become 2.3 times from 1.7 times to 
the interval from fuel injection timing in the aforementioned stratification combustion operating range to ignition 
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timing in a compressed self-ignition formula gasoline engine according to claim 11. 

[0020] In order to attain the above-mentioned purpose invention according to claim 13 In the compressed self-ignition 
formula gasoline engine which switches compressed self-ignition combustion and jump-spark-ignition combustion by 
the service condition It has the diaphragm with which the interior of a suction port is divided into an up-and-down 
inhalation-of-air path, and the tumble control valve which can close either of the inhalation-of-air paths of the 
aforementioned upper and lower sides. At the time of compression-ignition combustion, close an upper inhalation-of- 
air path by the aforementioned tumble control valve, and a combustion chamber is made to produce a reverse tumble 
flow. At the time of stratification combustion of jump spark ignition, close a lower inhalation-of-air path by the 
aforementioned tumble control valve, and a combustion chamber is made to produce an order tumble flow, and let it be 
a summary to open both the inhalation-of-air paths of the aforementioned upper and lower sides at the time of 
homogeneous combustion of jump spark ignition. 
[0021] 

[Effect of the Invention] According to invention according to claim 1, in order that fuel [ in / the combustion chamber 
wall surface near the exhaust air bulb / since compressed self-ignition combustion is started from the exhaust side in a 
cylinder ] may be **(ed) by the elevated temperature burnt gas and may receive compression with advance of 
combustion, combustion progresses that it is easy to become an elevated temperature, and generating of unburnt fuel is 
suppressed to an inhalation-of-air bulb side, the gas which the gas by the side of the exhaust air bulb which does not 
almost have unburnt [ HC ] highly is discharged previously, and a burnup exists in an inhalation-of-air bulb side like an 
exhaust air line, and occupies unburnt [ in a cylinder / HC / the great portion of] -- self - since it is easy to remain in a 
cylinder as EGR, unburnt [ which exists in exhaust gas / HC ] decreases, and purification of the improvement in 
thermal efficiency and exhaust air can be attained 

[0022] According to invention according to claim 2, since the fuel concentration in a cylinder was made for an exhaust 
air bulb side to become deep to an inhalation-of-air bulb side, the combustion start from an exhaust side is realizable. 
Furthermore, that near an exhaust air bulb is an elevated temperature, and when an enriched mixture exists near an 
exhaust air bulb, the unburnt fuel near the exhaust air bulb can reduce the temperature distribution in the combustion 
chamber wall surface of the cylinder head, and they can heighten an effect according to claim 1 more. 
[0023] Since an exhaust-air bulb becomes with close on the way in an exhaust-air line by the aforementioned minus 
overlap, it becomes that it is further hard to be discharged, and the gas included in the unburnt fuel which exists to an 
inspired air flow path will be carried over by the following cycle with residual gas by according to invention according 
to claim 3, having a valve gear controllable to the valve timing of the minus overlap which both the inhalation-of-air 
bulb and the exhaust-air bulb closed near an exhaust-air top dead center, and setting valve timing as the 
aforementioned minus overlap by the compressed-self-ignition operating range. Therefore, an effect according to claim 
1 or 2 can be heightened more. 

[0024] Since the gas-temperature distribution in a cylinder is made for an exhaust air bulb side to become high to an 
inhalation-of-air bulb side, while the combustion start from an exhaust side is realizable according to invention 
according to claim 4, since the degree of mixed atmospheric temperature near an exhaust air bulb rises, the unburnt 
fuel near the exhaust air bulb can decrease, and the effect of a publication can be raised more to claims 1 -3. 
[0025] According to invention according to claim 5, an exhaust side according to claim 4 can realize the gas- 
temperature distribution in a cylinder higher than an inspired air flow path by equipping an inhalation-of-air system 
with the gas flow control means which control a gas flow of a combustion chamber, having distributed new mind over 
the inhalation-of-air bulb side of a combustion chamber in the compressed self-ignition combustion zone, and having 
distributed the aforementioned intemal-EGR gas over the exhaust side in layers. 

[0026] According to invention according to claim 6, the aforementioned gas flow control means They are the tumble 
control means which can control the tumble flow generated to a combustion chamber. The tumble flow generated in a 
cylinder in a compressed self-ignition operating range makes a piston crestal plane the reverse tumble flow which 
flows from an inspired air flow path to an exhaust side. In a jump-spark-ignition combustion operating range, since the 
aforementioned tumble flow controlled the piston crestal plane to become the order tumble flow which flows to an 
inspired air flow path from an exhaust side, it It becomes possible to acquire an effect according to claim 5, without 
reconciling the temperature distribution in a cylinder at the time of compressed self-ignition combustion, and a gas 
flow in a cylinder at the time of jump-spark-ignition combustion, and sacrificing the performance of a jump-spark- 
ignition operating range. 

[0027] According to invention according to claim 7, since it is made to supply some fuel to a combustion chamber 
during the aforementioned minus overlap, the oxygen which remains in the aforementioned internal EGR [ near the top 
dead center in the aforementioned minus overlap period ], unburnt fuel, and the newly thrown-in aforementioned fuel 
oxidize partially, and is reformed at reactant high fuel, since the combustion in a low-temperature region of this 
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reformed fuel is attained more, in addition to the effect of claims 3-5, it becomes possible [ suppressing generating of 
the unburnt fuel in a combustion chamber wall surface ] 

[0028] According to invention according to claim 8, it has the approximate circle cylindrical-surface-like crevice 
where a medial axis becomes parallel to a crankshaft in a piston crestal plane, and in front of the top dead center, in the 
piston position of about 30 degrees, the tangential plane which touches the aforementioned cylinder side at the exhaust 
side edge of this crevice is formed so that it may cross inside the outer edge of the aforementioned cylinder head and 
an exhaust air bulb. For this reason, since the fuel supplied from the fuel injection valve is conveyed near [ elevated 
temperature ] the exhaust air bulb also in a cylinder head side along the crevice of the aforementioned piston crestal 
plane, it becomes possible [ acquiring an effect given in seven from a claim 1 certainly ]. 

[0029] In order that the fuel injected from the fuel injection valve may inject to the timing which points to the center of 
an exhaust air bulb according to invention according to claim 9, it becomes possible to acquire the effect of a claim 8 
certainly. 

[0030] Since the 2nd ignition plug is prepared in the exhaust air bulb side of the cylinder head in which an enriched 
mixture exists by the combustion chamber and it was made to discharge to the 2nd ignition plug of the above near a 
compression top dead center by the compressed self-ignition operating range according to invention according to claim 
10, in addition to an effect given in nine, it becomes possible from a claim 1 to ensure the start of compressed self- 
ignition combustion. 

[003 1] According to invention a claim 1 1 and given in 12, since the fuel injection timing in the compression stroke in a 
compressed self-ignition operating range can be set up appropriately, it becomes possible to reduce the unburnt fuel 
contained in exhaust gas. 

[0032] The diaphragm with which the interior of a suction port is divided into an up-and-down inhalation-of-air path 
according to invention according to claim 13, It has the tumble control valve which can close either of the inhalation- 
of-air paths of the aforementioned upper and lower sides. At the time of compression-ignition combustion, close an 
upper inhalation-of-air path by the aforementioned tumble control valve, and a combustion chamber is made to 
produce a reverse tumble flow. Since close a lower inhalation-of-air path by the aforementioned tumble control valve 
at the time of stratification combustion of jump spark ignition, a combustion chamber is made to produce an order 
tumble flow and both the inhalation-of-air paths of the aforementioned upper and lower sides were opened at the time 
of homogeneous combustion of jump spark ignition The compressed self-ignition formula gasoline engine which 
satisfied the temperature distribution in a cylinder which raised the temperature of an exhaust side, a gas flow in a 
cylinder at the time of jump-spark-ignition stratification combustion, and the performance at the time of jump-spark- 
ignition homogeneous combustion, respectively at the time of compressed self-ignition combustion can be offered. 
[0033] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention is explained based on a drawing. 
Drawing J. is the system configuration view showing the 1st operation form of the compressed self-ignition formula 
gasoline engine concerning this invention. In drawing 1 , the combustion chamber 4 is formed of a cylinder block 1, a 
piston 2, and the cylinder head 3. 

[0034] The cylinder head 3 is equipped with the inhalation-of-air bulb 6 which opens and closes a suction port 5 and 
these suction ports 5, and the exhaust air bulb 8 which open and close a suction port 5, the exhaust air port 7 arranged 
in opposite, and these exhaust air port 7. 

[0035] The inhalation-of-air bulb 6 and the exhaust air bulb 8 are opened and closed through an air inlet cam 9 and an 
exhaust cam 10 by the bulb drive system outside drawing, respectively. This bulb drive system is considered as the 
composition which can control the opening-and-closing time of the inhalation-of-air bulb 6 and the exhaust air bulb 8 
through the opening-and-closing time adjustable meanses 1 1 and 12 with the directions from the engine control unit 
22. That is, change of a substantial compression ratio, internal-EGR capacity, etc. are controlled by low [ of an engine ] 
and the inside load field, and it is considering as the composition which can realize the elevated temperature in which 
compressed self-ignition operation is possible, and a high-pressure state in them. 

[0036] The inlet pipe 13 is connected to the upstream of a suction port 5, the tumble control bulb 14 is attached to the 
inlet pipe 13 near the downstream end face, and the throttle valve 15 for air-content adjustment, the air flow meter for 
air-content measurement which is not illustrated, the air cleaner, etc. are prepared in the upstream. 
[0037] Furthermore, diaphragm 18a which divides a pipe up and down over a plane of composition with an inlet pipe 
13 near the inhalation-of-air bulb 6 is prepared in the interior of a suction port 5. Diaphragm 18b over the center-of- 
rotation shaft of the tumble control bulb 14 is similarly prepared in the inlet pipe 13 continuously with the 
aforementioned diaphragm 18a from the plane of composition with a suction port 5. 

[0038] Bulb opening-and-closing control of the tumble control bulb 14 and a throttle valve 15 is enabled through the 
opening-and-closing meanses 16 and 17 by the engine control unit 22, respectively. 
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[0039] On the other hand, the bottom of a suction port 5 is attended at the cylinder head 3, and the fuel injection valve 

19 which injects the gasoline fuel supplied from a fuel pump 23 in the direct combustion chamber 4 is formed. 
[0040] Moreover, the ignition plug 20 is formed in the abbreviation center position in a combustion chamber 4 at the 
cylinder head 3, and an ignition plug 20 is used when mainly performing the usual jump-spark-ignition combustion at 
the time of high rotation and a heavy load. 

[0041] In the engine control unit 22, as a signal which shows an engine service condition An engine rotational 
frequency signal, the degree signal of crank angle, a load signal, an air-content signal, an intake-air-temperature signal, 
An exhaust-gas-temperature signal, a fuel-pressure signal, an oil water temperature signal, etc. are inputted, and data 
processing is carried out based on the signal of these various kinds. Each bulb opening control of the valve timing of 
the aforementioned inhalation-of-air bulb 6 and the exhaust air bulb 8, the tumble control bulb 14, and a throttle valve 
15, the injection quantity of a fuel injection valve 19 and fuel injection timing, and ignition timing of an ignition plug 

20 are controlled appropriately. 

[0042] Drawings is the plan and side elevation showing the crestal plane configuration of a piston 2. it is shown in 
drawing.2 - as - the crestal plane abbreviation center section of the piston 2 - an engine's crankshaft and abbreviation 
~ the crevice 24 of the shape of an approximate circle cylindrical surface which has an parallel medial axis is formed 
And in front of the top dead center, in the piston position in about 30 degrees, the tangential plane 25 which touches 
the aforementioned cylinder side at the edge of the exhaust side of the crevice 24 of a piston 2 is formed so that it may 
cross inside the outer edge 26 of the aforementioned cylinder head 3 and the exhaust air bulb 8. 
[0043] For this reason, the tumble flow formed by the intake stroke of the crevice 24 is maintained to a compression 
stroke, the fuel further injected from the fuel injection valve 19 in the second half of a compression stroke is conveyed 
to an exhaust side from an inspired air flow path along a crevice 24, and it arrives at the exhaust air bulb 8 
neighborhood near a compression top dead center. 

[0044] At the time of jump-spark-ignition operation, (a) of drawin g 9 and (b) show an example of adjustable control of 
the valve timing of the inhalation-of-air bulb 6 and the exhaust air bulb 8, and they consider as the state of (a) which is 
the usual valve timing, and they are set up so that the bulb overlap stage of the specified quantity when both the 
exhaust air bulb 8 and the inhalation-of-air bulb 6 serve as open in near an exhaust air top dead center may occur. 
[0045] Valve timing is made into the state of (b) at the time of compressed self-ignition operation, namely, it is 
controlled so that the open stage of the inhalation-of-air bulb 6 carries out the angle of delay and opens in the middle of 
an intake stroke, while the closed stage of the exhaust air bulb 8 carries out a tooth lead angle and closes an exhaust air 
line on the way, and it is set up so that it may be in a minus overlap state. 

[0046] Thus, it becomes possible to make the burnt gas equivalent to the volume of combustion chamber of an exhaust 
air bulb close stage pile up in a combustion chamber 4, and to carry over as internal-EGR gas to the following cycle by 
considering as the valve timing which accomplishes the minus overlap period (sealing period) which both induction- 
exhaust valves closed near the exhaust air top dead center. Compressed self-ignition combustion with a RIN air-fuel 
ratio is realized near a compression top dead center so that it may mention later, using effectively the heat energy 
which this internal-EGR gas has. 

[0047] Next, operation of this operation gestalt is explained. Drawing 3 is drawing explaining the switching condition 
of the tumble control bulb 14 in each operation mode, and the state of the tumble flow formed in a combustion 
chamber 4. 

[0048] The tumble control bulb 14 is controlled in the state where the path of upper case 5a of a suction port 5 divided 
with the diaphragm 18 serves as close, and the path of this lower-berth 5b serves as open to be shown in drawing 3 (a) 
at the time of compressed self-ignition operation. Consequently, new mind mainly flows in a combustion chamber 4 
through the outside of the inhalation-of-air bulb 6, and the weak reverse tumble flow 27 generates it in a combustion 
chamber 4. Therefore, in a combustion chamber 4, the internal-EGR gas by which a cold new mind was mainly 
distributed over the upper surface of an inspired air flow path and a piston 2, and was shut up by another side and the 
above-mentioned minus overlap is relatively distributed near the exhaust air bulb 7, and the gas temperature in a 
cylinder will be in an elevated temperature neighborhood [ exhaust air bulb 7 ] state. 

[0049] On the other hand, the tumble control bulb 14 is controlled by the time of jump-spark-ignition operation by low 
rotation in the state where the path of lower-berth 5b of a suction port 5 serves as close, and the path of stage 5a same 
as the above serves as open to be shown in drawing 3 (b). a gaseous mixture uniform when the order tumble flow 28 
strong in a combustion chamber 4 occurs by this and it is the fuel-injection timing from a fuel injection valve 19 in the 
first half of an intake stroke - the flow component according to the spraying accomplishment force and an order 
tumble flow while helping generation, when injection timing serves as the second half of a compression stroke - 
suiting - waiting ~ the ignition plug 20 neighborhood - stratification - a gaseous mixture can be formed and 
stratification combustion by jump spark ignition is realized 
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[0050] In the time of high rotation and jump-spark-ignition operation by the heavy load, as shown in drawing 3 (c) the 
tumble control bulb 14 is controlled in the state of becoming a diaphragm 18 and abbreviation parallel^i^hanoed 
into the state where both upper case 5a and lower-berth 5b of a suction port 5 opened. For this reason, inflow resistance 
operationTs ^m^tLned 6 performance at the time of me Ml load at the time of jump-spark-ignition 

[0051] Next the fuel distribution state of this operation form is explained using drawing 4 . D rawing 4 (a) shows the 
new mind of a combustion chamber and the distribution of EGR gas in the first half of a compression stroke, drawing 4 
(b) shows the sinia ion of the fuel injection in the second half of a compression stroke, and drawing 4 (c) showslie 
situation of the fuel diffusion in the second half of a compression stroke, respectively 

[0052] As shown in drawjng4 (b), the fuel at the time of compressed self-ignition operation points to the crevice 24 
formed m the aforementioned piston crestal plane in the second half of a compression stroke, and is injected This fuel 
is conveyed to an exhaust air bulb side along the cylinder side of the aforementioned crevice 24 by the reverse tumble 
flow currently generated m its accomplishment force and a combustion chamber 4 while being evaporated and spread 
and the fuel concentration of a gaseous mixture is deep near the exhaust air bulb, and is formed in the state of ' 
becoming so thin that it going to an inspired air flow path. 

[0053] Since the tangential plane 25 which touches the aforementioned cylinder side at the exhaust side edge of the 
aforementioned crevice 24 of a piston crestal plane is formed in front of the top dead center so that it may cross in the 
piston position in about 30 degrees inside the outer edge 26 of the cylinder head 3 and the exhaust air bulb 8 fuel has 
surface 8 Cmg mt ° A Secti0n in d™g4 surrounded by the low-temperature combustion chamber wall 

[0054] Furthermore, as fuel injection timing of fuel, it has set up so that the center of the fuel concentration of a 

ST^T^? ^ ^ 5 6XhaUSt air bulb 8 near a com P re s*ion top dead center. Fuel will be distributed 

over about eight exhaust air bulb which serves as an elevated temperature most among the fields which face in the 
combustion chamber 4 of the cylinder head 3 by this. 

K oons ? ue fy' the i nbumt 8 f Which 0CCurs in ±e gas-temperature low-temperature region near the combustion 
chamber wall surface as shown in drawing 6 - about eight exhaust air bulb - setting - the alternative distribution of 
an in ernal EGR, and a gaseous mixture - when the effect of rich-izing of concentration and a hot combustion chamber 
wall temperature collaborates, it decreases sharply 

[0056] Next the state of applying to an expansion stroke from ignition at the time of self-ignition combustion with 
reterence to drawing 5 is explained. 

[0057] It is compressed toward that the gaseous mixture in a combustion chamber 4 is rich near the exhaust air bulb 
and the combustion chamber side where it is that the gas which occurred in the exhaust air bulb 8 neighborhood as the 
first ignition was shown in drawing.5 (a), since it was an elevated temperature, and burned here expands, and the 
gaseous mixture of the unburnt state of the circumference counters the exhaust air bulb 8, and goes. The degree of 
mixed atmospheric temperature of an unburnt state rises by this compression, it lights and burns one by one and fuel 
goes, as shown m drawmg.5 (b). J 
[^058] At the time of a combustion end, as shown in drawing 5 (c), the layer of a piston crestal plane and the unburnt 
fuel which did not result only near the inhalation-of-air bulb at ignition will exist 

[0059] The 1st peak of the unburnt fuel (HC) concentration generated the above result at the time of exhaust air bulb 8 
open [ which is measured in the exhaust air port 7 ] as shown in drawing 8 It falls by having reduced the unburnt fuel 
S™f 7 I c f omb f tlon J cha / nber wall surface of the exhaust air bulb 8 neighborhood. Since the exhaust air bulb 8 
I T 8 d ; scha 58 ed ' unbumt foel g en ^ in the 2nd peak which generates an exhaust air line 

before an end, i.e. an inspired air flow path combustion chamber wall surface, the piston crestal plane, etc. will be shut 
up into internal-EGR gas, and will bum in the following cycle. Therefore, it makes it possible to obtain ane^uslv 
improvement in combustion efficiency, and purification of exhaust gas. Y 
[0060] If some fuel is injected during the aforementioned minus overlap in addition to the above-mentioned effect fuel 

^cT, m i US1 , ng ^ ? ygCn Wh J Ch e , X J StS in intemal - EGR g^ by compression near an exhaust air top dead center is 
Possible the low load region of a self-ignition operating range - reservation of ignitionability - and - relative - RIN - 

nnhn^fj " """S? P u ^ ad ^^ oa combustion by the gaseous mixture, it becomes possible to reduce the 
TntZ S enerate <? in ? e exhaust "* bulb 8 neighborhood also in a RIN gaseous mixture by reforming the fuel in 
intemal-EGR gas by the aforementioned fuel reforming 

[0061] Moreover, an example of the relation between fuel injection timing in the second half of a compression stroke 
in a self-ignition combustion zone and HC emission rate measured in the exhaust air port 7 is shown in drawing 1 1 In 
order to aim at reduction of HC emission rate in a self-ignition combustion zone, it turns out that the optimal fori ' 
injection timing exists. This is because the unburnt fuel reduction effect which a gaseous mixture becomes thin in order 
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that diffusion of fuel may progress too much in too early fuel injection timing, and cannot form an enriched mixture in 
the exhaust air bulb 8 neighborhood enough in fuel injection timing which is too late on the contrary, but is shown in 
drawing j6 is no longer acquired fully. 

[0062] the above - it turns out that the optimal fuel injection timing is earlier than fuel injection timing of jump spark 
ignition which suited in the same engine speed, and a stratification combustion operating range this - fuel injection 
timing of the aforementioned stratification combustion operating range - stratification - it is for fuel injection timing 
of a compressed self-ignition operating range having to pass the aforementioned ignition plug 20 to a gaseous mixture 
being the time suitable for reaching the ignition plug 20 arranged in the center of abbreviation of the cylinder head 3, 
having to arrive at the exhaust air bulb 8 neighborhood, and requiring long time 

[0063] Furthermore, the optimal fuel injection timing at the time of compressed self-ignition combustion turns into 
time when the period which even a compression top dead center takes from injection becomes twice [ about ] a period 
from the injection at the time of the aforementioned stratification combustion in the same engine speed to ignition. 
Although this generating ignition at the time of compressed self-ignition combustion near a compression top dead 
center and the distance from the fuel injection valve 19 to the exhaust air bulb 8 are the double-precision weakness of 
the distance from this fuel injection valve 19 to an ignition plug 20, it is because it suits that the accomplishment force 
which the fuel spray has declines and is waited and generated. 

[0064] Next, the form of the 2nd operation of this invention is explained based on drawing 10 . With the 2nd operation 
form, it is characterized by adding and installing the 2nd ignition plug 21 in the position which faces in a combustion 
chamber 4 in the lower part of the exhaust air port 7 to the 1st operation form. Ignition timing is controlled by the 
engine control unit 22, and the 2nd ignition plug 21 is used in order to mainly discharge at the time of compressed self- 
ignition combustion and to assist a compressed self-ignition combustion start. 

[0065] In addition to the effect of the 1st operation form, the following effects can be acquired with the 2nd operation 
form, a low load region - a gaseous mixture - carrying out electric discharge by the 2nd ignition plug 21 near before 
[ a compression top dead center ] 40 degree, and making about eight exhaust air bulb generate a radical (activity 
chemical species) in the case where concentration is relatively thin - RIN - positive ignition can be obtained even if it 
is a gaseous mixture 

[0066] Moreover, in order to avoid rapid combustion, it is necessary to make it light in a heavy load region after a 
compression top dead center, in such a situation, ignition does not occur in front of a top dead center only by 
compression - as - the aforementioned amount of minus overlap - adjusting - the [ and ] - it becomes possible to 
generate ignition at the time demanded by carrying out electric discharge after a top dead center with the 2 ignition 
plug 21 



[Translation done.] 
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* NOTICES * 

Japan Patent Offic is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2 . * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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